More than 400 methanol-utilizing microorganisms isolated from soil were examined for lmethionine excretion in methanol mediumsupplemented with L-homoserine as a precusor of lmethionine. The strain OM33 excreted 70 /ig/ml of L-methionine when L-homoserine (5 mg/ml) and Na2S-9H2O(2mg/ml) were added to the medium. This strain utilized only methanol and monomethylamine as sole sources of carbon, and assimilated methanol via the ribulose monophosphate pathway. Ethionine-resistant mutants were induced from strain OM33 by treatment with Nmethyl-A^-nitro-AZ-nitrosoguanidine.
It has been reported that methanol-utilizing bacteria produce several kinds of aminoacids such as glutamic acid,1* serine,2' 3) alanine, leucine, valine,4'5) and aromatic amino acids.6) However, information concerning amino acid formation by methanol-utilizing bacteria is still insufficient. Among amino acids, lmethionine, though an important amino acid, was difficult to over-produce. Only a little is known about the fermentative production of L-methionine from carbohydrates.7 '8) Furthermore, there has been no report on formation of L-methionine by methanolutilizing microorganisms.
L-Methionine is synthesized in microorganisms via several alternate and highly branched pathways.
L-Homoserine, sulfide, 5-methyltetrahydrofolate and probably lserine, are indispensable intermediates for lmethionine biosynthesis. The use of mutants which have a genetically altered regulatory mechanismshould be essential for the fermentative production of L-methionine, because the content of L-methionine in microorganisms is fairly low compared to other amino acids such as glutamic acid and alanine, and moreover its biosynthesis is strictly controlled by feedback regulation. Hence, it might be important what kind of microorganism is chosen as the parental strain for the breeding of L-methionineproducing mutants. We chose a methanolutilizing bacterium which excreted lmethionine in a mediumsupplemented with lhomoserine as the precursor of L-methionine. Further, we induced ethionine-resistant mutants and obtained a potent L-methionine producer. This paper describes the isolation and identification of a methanol-utilizing bacterium which could over-produce lmethionine in the presence of L-homoserine, and production of L-methionine from methanol by ethionine-resistant mutants of this bacterium.
MATERIALS AND METHODS

Media and cultivation.
A vitamin-mixture containing inorganic-salts medium4) (MS medium) was used for isolation and screening of methanol-utilizing bacteria. Methanol-utilizing yeasts were cultivated on YS me- MgSO4-7H2O, 10mg FeCl3-6H2O,  2mg MnCl2à"4H2O,  0.2mg (NH4)6Mo7O24-4H2O, 1mg CuSO4-5H2O and 0.4mg Na2B4O7 à" 10H2O per liter of deionized water. The pH of the mediumwas adjusted to 7.0 by the addition of H2SO4. After seed cultivation at 28°C for 24hr by reciprocal shaking, a 0.2ml aliquot of the grown culture was inoculated into 4ml of the fermentation medium (F medium) which was the same as the PC medium except that 5g (NH4)2SO4 was added instead of (NH4)2HPO4
and the amount ofK2HPO4was increased to 4g per liter.
After 1-day cultivation, CaCO3 (2%) was added to the culture in order to prevent lowering of the pH. Methanol (20 mg/ml) was fed to the culture after 1-and 2-days cultivation, unless otherwise stated.
Determinative methods. Physiological and biochemical tests for identification of strain OM33 were carried out by published procedures.10)
Preparation of cell-free extract and enzyme assays. Cells grown on PC medium for 48hr at 28°C were harvested, washed twice with 0.05 m potassium phosphate, pH 7.4, and resuspended in the same buffer. After ultrasonication for 3 min, the cell-free extract was obtained by centrifugation at 14,000 rpm for 20 min. 3-Hexulose phosphate synthase was assayed by the method of Ferenci et ai.n) Hydroxypyruvate reductase was assayed according to Stafford et al.12) Mutant derivation. Cells grown on 10 ml of MS medium containing 10 mg/ml methanol for 24hr were harvested, washed once with 0.1 m potassium phosphate, pH7.0, and resuspended in the same buffer containing 0.25 mg/ml of TV-methyl-W-nitro-TV-nitrosoguanidine (NTG). min incubation at 30°C with gentle shaking, cells were harvested and washed three times with physiological saline. After suitable dilution, the cell suspension was spread on a MSagar plate containing 10 mg/ml methanol and 3 to 5 mg/ml L-ethionine, and cultivated for 10 days at 28°C.
Colonies that appeared were picked up and put onto MS agar slants.
Analysis. Methionine formed in the mediumwas detected with iodoplatinate reagent13) after separation by paper chromatography using a solvent system of n-butanol-acetone-diethylamine-water (10 : 10 : 2 : 5, by vol.).
Determination of the amount of L-methionine was carried out by a microbioassay using Leuconostoc mesenteroides P60 (ATCC8042). The amount of L-cysteine (or L-cystine) was assayed with Leuconostoc citrovorum ATCC8081. Free intracellular methionine was extracted essentially according to the method of Kimura.14) Cell growth was measured turbidimetrically at 610 nm.
Determination of optical configuration of methionine. ing yeasts and bacteria were tested. Among them, only 21 bacterial strains excreted small amounts (20 to 50 fzg/ml) of L-methionine in the medium containing 10 mg/ml of lhomoserine. L-Methionine was scarcely excreted in the absence of L-homoserine. Strain OM33 isolated from soil by enrichment culture using MSmedium containing 2 mg/ml Na2Sà"9H2O, was selected as the best strain for L-methionine excretion.
Taxonomical properties of strain OM33 Taxonomical properties of strain OM33 are summarized in Table I . An electron micrograph of the strain is shown in Fig. 1 . This bacterium utilizes only methanol and monomethylamine as sole sources of carbon among the 60 organic compounds tested. A high activity of 3-hexulose phosphate synthase was detected in the cell-free extract of this bacterium. In contrast, the activity of hydroxypyruvate reductase was not detectable. These to 33°C, does not grow at 37°C. pH for growth: 6 to 9, optimum 7 to 8. Organic growth factor: not required. Poly-jS-hydroxybutyrate production*: negative. Acid production from carbohydrates: acids were not produced from 19 carbohydrates tested. Carbon sources for growth:
amongthe 60 organic compounds tested including various C:-compounds, only methanol and monomethylamine wereutilized. ** Nitrogen sources for growth*: ammonium salts and nitrate were utilized. GC-content: 51.6% (Tm). Key enzyme of methanol assimilation:
3-hexulose phosphate synthase activity was detected and hydroxypyruvate reductase was not detected in the cell-free extract.
Tested in a methanol-containing medium. The following compounds were not utilized as carbon sources for growth: methane, formaldehyde, formate, 
tamine, a-amylamine, and testosterone. 
L-Methionine excretion by strain OM33
Cultural conditions for the excretion of lmethionine by strain OM33 were investigated.
The excretion of L-methionine was stimulated by the addition of Na2SO4, Na2S2O3à"5H2O
and Na2S-9H2O to MS medium (Table II ).
The addition of Na2Sà"9H2Owas most effective.
The optimum concentration of Na2S-9H2O was 2 to 5 mg/ml. Meanwhile, Na2SO3 inhibited the growth and lmethionine excretion. As shown in Table III (Fig. 2) . The addition of 0.5 mg/ml lmethionine restored the growth even in the presence of a high concentration of lethionine. Table IV shows the L-methionine productivity of the ethionine-resistant mutants derived from strain OM33. Cultivation was carried out in MSmedium supplemented with L-homoserine and Na2S-9H2O. More than 90%of the resistant mutants produced a larger Cultivation was carried out in MSmedium supplemented with lOmg/ml methanol, 2mg/ml Na2S-9H2O and lOmg/ml various additions at 28°C for 90hr with reciprocal shaking. CaCO3 (20mg/ml) was added to the cultures at 24-hr cultivation.
Further addition of methanol (20mg/ml) was performed at 24-hr and 48-hr cultivation. Properties of L-methionine producer, strain OE The above results indicate that, in mutant OE120, an enzymeor enzymes related to lmethionine biosynthesis are modified by the mutation with a loss of sensitivity to ethionine or ethionine-derivatives. We found that homoserine-O-transsuccinylase, the initial enzymeof the methionine biosynthetic pathway, in OE 120 lost the sensitivity to the feedback inhibition by S-adenosyl-L-methionine, the actual end-product of methionine biosynthesis.
Detailed studies of the mechanism of lmethionine over-production by this mutant will be reported elsewhere. 25) Cultural conditions for L-methionine accumulation by OE 120 Cultural conditions for de novo L-methionine production from methanol were investigated.
Maximumproductivity was observed when ammoniumsulfate was used as the nitrogen source (Table V) . The effect of addition of organic nitrogen sources was examined (Table  VI) Added at the concentration of 5 mg/ml. were all added at the concentration of 2 mg/ml. mediumfor L-methionine production (F medium)
as described in Materials and Methods was established.
The optimum initial methanol concentration for L-methionine accumulation was 3% (w/v) when further feeding of methanol was not conducted (Fig. 3) . Successive feeding of methanol stimulated the cell growth but it was not so effective for L-methionine accumulation.
The optimum initial pH for lmethionine accumulation was around 6.
Effect of various additions on L-methionine accumulation The effect of addition of sulfur compounds was investigated (Table VII) . The addition of all inorganic sulfur compounds tested except elementary sulfur stimulated the L-methionine accumulation to a certain extent. These effective inorganic sulfur compoundswere utilized as good sulfur sources for L-methionine formation from L-homoserine by washed cells of OE120, while organic sulfur compoundssuch as mercaptans and thiol compounds were Accumulation by OE 120. Cultivation was carried out in F mediumsupplemented with 2 mg/ml yeast extract and indicated amounts of cyanocobalamin at 28°C for 90hr. Addition of methanol and CaCO3 we: and Methods. The concentration of added amino acids except lmethionine and DL-homocysteine (1 mg/ml) was 5 mg/ml. scarcely utilized (data not shown).
The addition of various vitamins was examined. Amongthe vitamins tested, only cyanocobalamin stimulated the L-methionine accumulation distinctly (Fig. 4) . With the addition of 25 mg/ml of cyanocobalamin, L-methionine accumulation increased to 1.5 times as much as that without the addition. This phenomenon indicates that the system of homocysteine methylation, the final step of methionine biosynthesis, in this bacterium may involve a vitamin B12-dependent enzyme like in Escherichia coli26) and Salmonella typhimurium.21) The existence of a vitamin B12-dependent methionine synthetase was demonstrated in a facultatively methanol-utilizing bacterium, Protaminobacter ruber.2S) The effect of amino acids was also examined (Table VIII) (Table  VIII, Fig.  5A ). Nevertheless, when L-homoserine was added to the medium, L-threonine scarcely affected L-methionine accumulation (Fig. 5A ).
These facts suggest that L-threonine inhibits the biosynthesis of L-homoserine. It is probable that aspartokinase or/and homoserine dehydrogenase in this bacterium are regulated by L-threonine. The fact that the addition of lmethionine also inhibited the de novo formation of L-methionine extensively (Table  VIII, the mutant will be improved by enhancing the activity of L-homoserine synthesis, it has been reported that mutants resistant to an lthreonine analogue, a-amino-/Miydroxyvaleric acid (AHV), accumulated a large amount ofxhomoserine.29'30) Therefore, we attempted to induce mutants resistant to AHVand obtained a mutant which accumulated L-methionine 1.5 times as much as that accumulated by OE120.
Time course of L-methionine production
The pattern of L-methionine accumulation by OE120 was of the growth-associated type (Fig.  6 ). L-Methionine accumulated in the medium increased with increased cell density, and reached a maximumin the early stationary phase. After 4-to 5-days cultivation, 420jag of L-methioninewasaccumulatedfrom a total 50mgmethanol in one ml of the culture. The optical configuration of methionine produced was determined to be the L-form by analysis using D-amino acid oxidase as described in Materials and Methods. Similar to authentic L-methionine, oxygen uptake and keto acid formation were not observed with the obtained methionine.
